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COMPLETE SPECIFICATION 
Extrusion Process for Making Propellent Grains 




We, Atlantic Research Coporation, a 
corporation organized under the laws of the 
State of Virginia, United States of America, 
of Henry G. Shirley Memorial Highway, 

5 Edsali Road^ Alexandria, Virginia, United 
States of America, do hereby declare the in- 
vention, for which we pray that a patent may 
be granted to us, and "the method by which 
it is to be performed, to be particularly dcs- 

10 cribed in and by the following statement: — 
This invendon relates to a new process for 
the continuous curing and casting of solid 
propellent grains. More spepficaUy, it re- 
lates to a process for the curing and shaping 

15 of composite propellent grains made by the 
fluid plastisol technique. 

A very effective, convenient, and repro- 
ducible plastisol method for making solid 
propellent grains, consisting essentially of 

20 finely divided solid oxidizer dispersed in a 
plasticized thermoplasdc polymer fuel mat- 
trix, has recently been developed. The tech- 
nique comprises the preparation of uniformly 
dispersed fluid mixes of" finely divided, solid, 

25 thermoplastic polymer and oxidizer in a 
high-boiling liquid plasticizer which dis- 
solves the polymer at' a substantial rate only 
at elevated 'temperatures. The mix, though 
viscous in character because of the high 

30 solids loading, is sufficiently fluid to flow 
and to assume the shape of a container into 
which it is introduced 'without requiring the 
application of pressure. To obtain the re- 
quisite stability, homogeneity and fluidity, 

35 the polymer particles must be small, generally 
up to about' 50 microns and preferably no 
larger than about 100 microns' in diameter, 
to avoid instability and separation; substan- 
tially non-T3orous to minimize absorption of 

40 the plastiazer into the particles; and spheri- 
cal to prevent matting which would destroy 
fluidity. 

The fluid slurry is cured into a solid pro- 
pellent grain by heating it to the tempcra- 
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ture at which the finely divided polymer dis- 
solves in the plasticizer and, i±iereby, forms 
a rigid gel. The moulding and curing pro- 
cedure fitherto generally employed comprises 
pouring the plastisol into a mould of tbe 
desired shape and size and curing the pro- 
pellent nux by applying heat externally to 
the mould. This, perforce, is a batch oper- 
ation and requires a substantial period of 
time, which varies with the diameter of the 
grain from about one hour for a grain of one 
to two inch diameter to as much as a day 
or more for large grains. The heating 
must be carefully regulated to ensure com- 
plete cure throughout without degradative 
overcure of the exterior portions of the 
grain. It is also necessary to avoid exces- 
sively high oure temperatures or even main- 
tenance of the proper elevated cure tem- 
perature for excessively long periods of time 
since this may result either in auto-ignition 
of the grain or degradative chemical decom- 
position or reaction of the polymer-oxidizer 
composition. These factors effectively 
limit the size of grains tbat can be made by 
the casting techmque. After the heat cure 
is completed, additional time is required 
in the mould for cooling of the grain. Such 
a batch curing and moulding process is thus 
relatively cosuy in terms of time, equipment, 
space, and man-hours. 

The object of this invention is to provide 
an extrusion process for moulding and cur- 
ing fluid plastisol, composite propellent 
mixes, which is continuous^ wliich greatiy 
reduces the amount of time, equipment, 
space and labor required, and which makes 
possible an enormous increase in unit pro- 
duction. 

Another object is to provide a process for 
uniformly heat curing a plastisol propellent 
of substantially any desired diameter com- 
pletely throughout its mass, without over- 
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heating or chemical degradation of the pro- 
pdlent material. 

Still another object is to provide a pro- 
cess for maidng cured plastisol propellent 
5 grains of reproducible, varied length and 
diameter without requiring the use of 
moulds. 

Other objects and advantages will become 
evident from the following detailed descrip- 
10 tion and the drawings. 

In the accompanying drawings, in which 
like numerals connote like parts : 

Figures 1* and l** comprise a longitudinal, 
vertical section shewing diagrammatically 
15 apparatus for carrying out the process of the 
invention in condnuous fashion. 

Figure 2 is a vertical transverse sectional 
view on sn enlarged scale taken along line 
2—2 of Figure l\ 
20 Figure 3 is a fragmentary plan view of 
the eztrudate take-off mechanism as viewed 
along the line 3 — 3 of Figure 1**; 

Figure 4 is an enlarged transverse £2c- 
tional view through tlie extrudate die and 
25 associated wire feeding tubes taken along the 
line 4 — 4 of Figure 1*; 

Figure 5 is a transverse vertical sectional 
view taken along the line 5 — ^5 of Figure 
l"" which shows tiie eztrudate gauging msch- 
30 anism; 

Figure 6 is a verdcal transverse sectional 
view through the extrudate cooling means 
taken along line 6 — 6 of Figure 1**; 

Figm-e 7 is a verdcal transverse sectional 
35 view of the cut-off means as viewed along 
the line 7—7 of Figure 1^; 

Figure 8 is a fragmentary longitudinal 
sectional view through the extrudate die 
showing a modification thereof, and 
40 Figure 9 is a perspective view of one of 
the wire guide mbes. 

Broadly speaking, the process comprises 
introducing into an elongated cylindrical bar- 
rel a fluid plastisol consisting essentially of 
45 small, spherical, substantially ncn-porous, 
solid particles of an organic polymer and a 
fimely-divided, solid> inorganic oxidizer dis- 
persed in a high-boiling, Oquid, organic plas- 
ticizer, which dissolves said pal3riner readily 
50 only at elevated temperatures and in whxh 
said oxidizer is insoluble, said oxidizer being 
present in amount sufficient to maintain active 
combustion of said polymer; frictionally heat- 
ing the plastisol to the temperature at which 
55 the polymer dissolves rapidly in the plasti- 
dzer by producing shearing stresses through- 
out the mass of the plastisol while advancing 
it in a helical path through said barrel; pass- 
ing the hct, gelled propellent composition in 
60 a longitudind path' through a shaping pas- 
sage while keeping said composition in a 
soft thermoplastic state; and then cooling 
said shaped composition to form a rigid gel. 
The process is particularly adapted to the 
65 curing and moulding of composite, polyvinyl 



chloride, plastisol propeliants, namely pro- 
pellants in which the polymeric fuel binder 
[is polyvinyl chloride or a copolymer of 
vinyl chloride and vinyl acetate, in which 
the vinyl chloride is in major proportion. 70 
Polyvinyl chloride and its copolymers v/ith 
polyvinyl acetate are commercially available 
in fluid plastisol grade, namely in the form 
of small, non-porous, spherical particles dis- 
persible in a high-boiling organic liquid 75 
plasticizer, which dissolves the pclyx'inyl 
chloride readily only at elevated tempera- 
tures, to produce stable, homogeneously dis- 
persed, fluid slurries. Such organic plasti- 
cizers are known to the art and include, for 80 
example, the butyl, octyl, glycol, and meth- 
oxymethyl esters of phthalic, adipic, and 
sebacic acids and high molecular weight 
fatty acid esters. 

Since the plasticizers are organic com- 85 
potmds containing C and H, they function 
as fuel components in the propeliants. The 
amount of plasticizer is critical only insofar 
as it influences the desired physical proper- 
ties of the fluid mix and the cured propellant 90 
grain. The plasticizer must be present in 
amount sufficient to suspend the dispersed 
solids, including the poljmier, solid oxidizer, 
and other solid components, such as metal or 
other fuel powders, 'without loss of fluidity, 95 
and not so much as to make the cured grnin 
excessively soft. These criteria are gener- 
ally met with ratios by weight of polymer 
to plasticizer of about 3:2 to 2:3. 

Otiier organic polymers which can be 100 
made in fluid plastisol grade can also be 
employed for the production of composite 
propellant grains by the process cf our in- 
vention. These include, for example, lower 
allcyl cellulose esters, such as cellulose acetate, 105 
as disclosed in Sloan et al U.S. 2,8C9,191, 
and nitrocellulose, as disclosed in Sloan et al 
U.S. 2,931,800 and U.S. 2,931,801. Nitro- 
cellulose can be used as the fuel binder com- 
ponent in composite propellent grains having 110 
excellent ballistic properties and considerably 
reduced sensitivity, as compared with con- 
ventional double base propeliants, when at 
least a portion of the Hqdid organic plasti- 
cizer is cf the inert type, namely dees not 115 
contain oxygen available for combusricn, and 
a finely-divided, solid, inorganic oxidizer is 
included for combustion of such plasticizer. 
A self-oxidant, organic, liquid plasticizer, 
namely a compound containing combined 120 
oxygen available for combusticm of other 
components of the molecule, such as nitro- 
^ycerine, can form part of tlie liquid plasti- 
cizer system. 

The finely-divided, solid oxidizer can be 125 
any inorganic compound v/hlch contains 
combined oxygen with which it parts readiiy 
for combustion of the fuel components of 
the propellant. Such inorsanic o:adizcrs 
are insoluble in the plasticizer solvent so 130 
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that they remain dispersed in the plasticized 
polymer matrix of the propellent grain. Suit- 
able oxidizers include, for example, inorganic 
oxidizing salts, such as NH4, K, Na, and Li 
5 percMorates and nitrates, and metal per- 
oxides, such as Na^Oo, PaO^, and CoO-. The 
amoimt of oxidizer incorporated must be 
sufiicient to maintain active combustion of 
the fuel components of the propsllant. This 
10 can be as low as 35% by" weight of the 
composition, but is generally a major pro- 
portion, and is often as high as 80 to 90%. 

Finely divided, solid metal and other fuel 
powders, such as Al, Mg, B, Ti, and Si can 
15 be introduced into the propellent composi- 
tions as an additional fuel component. Such 
metal or other fuel powders possess the ad- 
vantages both of increasing density and im- 
proving specific impulse because of their 
20 high heats of combustion. The amount of 
such metal or other fuel is not critical, but 
is determined largely by the specific use and 
the amount, whidb, in combination with the 
finely-divided, solid oxidizer, can be sus- 
25 pended in the plastisol mix without impair- 
ing fluidity to the point where the plastisol 
will not flow under its own weight. In 
general, the metal or other fuel constitutes 
a minor proportion by weight of the propel- 
30 lent composition. 

Other additives which can be incorpor- 
ated into the propellent compositions in- 
clude, for example, burning rate catalysts, 
such as copper chromite and ammonium di- 
35 chromate; coolants for reducing the temper- 
ature of the gases generated by combustion of 
the propellant where necessary, as in the case 
of some turbine applications, such as mono- 
basic ammonium phosphate, and opacifiers, 
40 such as carbon blaclc. 

The fluid propellent mix can be prepared 
shortly before the extrusion curing and 
moulding. However, one of the important 
and convenient advantages of the plastisol 
45 technique stems from the fact that, when 
properly prepared, the plastisol remains 
stable and fluid for periods as long as several 
days, weeks or even months, so that the slur- 
ries can be prepared considerably in advance. 
50 Curing of the fluid mix, namely solution 
of the diermoplastic polymer in the liquid 
plasticizer, is obtained 'by the heat generated 
throughout the mass of the mix by the shear- 
ing stresses produced as the screw worm 
55 rotates and advances the propellent compo- 
sition through the extruder barrel. Although 
this, theoretically, can produce all of the 
heat requisite for cure, practically, it is de- 
sirable that the frictional heat produced by 
60 the screw worm be supplemented by a peri- 
pheral source of heat provided, for example, 
by a heating jacket. The amount of fric- 
tional heat generated by the shearing stresses 
induced by the rotating screw is determined 
65 by such factors as its speed of rotation; the 



viscosity and other rheological properties of 
the mix, such as its thixctropy, both as it 
enters the extruder and as it changes in 
these properties because of the solution cure 
as it is heated during its advance in the ex- 70 
truder; and the length of residence time of 
the mix in the extruder, which in turn is 
determined by such factors as back pressure, 
extruder barrel lengdi, and rotational speed. 

The viscosity and other rheological pro- 75 
perties are essentially fixed for a specific 
plastisol propellent mix but may vary for 
different formulations. Variation in resi- 
dence time by variation in the length of a 
given extruder to meet such contingencies is 80 
clearly impractical. Some modification of 
bade pressure can be obtained by varying the 
cross-sectional area of the venting orifice 
through which the cured propellant passes 
as it leaves the extruder. This can be done 85 
by physical substitution of restricting means 
providing dilfferent cross-sectional venting 
areas. This is an expedient which is avail- 
able as an additional control mechaiusm prior 
to start-up of a given extrusion run. It 90 
cannot readily be varied during the extrusion 
operations. 

A convenient method for increasing the 
aniount of frictional heat generated to the 
point where it is adequate to raise the tern- 95 
perature to cure level, and to offset heat 
losses at the wall of the extruder barrel by 
conduction and radiation in the absence of 
a heating jacket, would appear to lie in an 
increase in rotational speed of the screw 100 
worm. This expedient, however, is limited 
by the nature of the plastisol-oxidizer mix 
when it is fed gravitationally into the ex- 
truder. The plastisol, though sufficientiy 
fluid to flow under its own weight, is gener- 105 
ally viscous because of its high solid oxid- 
izer, or oxidizer plus other solid fuel, such 
as powdered metal, content. This slows 
feed rate into the extruder. Rotational 
speeds adequate to provide all of the requi- HO 
site heat may, in some cases, advance the 
plastisol mix faster than the feeding rate, 
so that the screw becomes starved, with re- 
sulant excessive working of the material 
within the barrel and likelihood of explosion. 115 
Within such limitations variation in screw 
speed provides an excellent means for ad- 
justing temperature by a predetermined set- 
ting prior to extrusion and by variation dur- 
ing extrusion. 120 

Supplementation of the frictional heat gen- 
erated by externally applied heat is advan- 
tageous since it compensates for heat losses 
at the wall, eliminates any hazardous need 
for excessive rotational screw speed, can 125 
readily be varied in amount of heat input by 
variation in the temperature or speed of 
flow of the heating fluid and can, therefore, 
aid in the adjustment of temperature condi- 
tions within the body of the propellent 130 
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material required by different mixes and 
make possible such adjustments in rotational 
screw speed as may be made desirable by 
processing conditions. 
5 Instead of gravity loading, the plastiscl 
mis can be pressure-fed into the extruder at 
a rate which will keep the cirtruder cde- 
quately filled at substantially any desired 
screw speed- All of the heat required for 

10 the solution cure can then be obtained by 
frictional shear stress and external heating 
completely dispensed with. Even under 
such conditions, however, it may be desir- 
able to have available an externally applied 

15 source of heat to compensate for heat loss 
at the wall and to provide for greater pro- 
cessing, fiesibility. 

It is generally advisable to begin the ex- 
trusion operation with a "cold" plastisol miM, 

20 namely an inert, non-propellent composition 
which closely approximates the "hot" pro- 
pellent composition except for substitution 
of an inert salt, such as KCI, for the in- 
organic oxidizer. This primes the equip- 

25 ment, prevents hazardous feed starvation cf 
the screw at the onset of operation, and 
permits personnel locally to control the pro- 
cess until steady state conditions are reached. 
The inert salt imparts different rheological 

30 properties to the plastisol mix from ihcss 
produced by the solid oxidizer, so that some 
modification, such as change in external heat- 
ing temperature or in screw rotational speed 
may be required upon introduction of the 

35 "hot" mix. Since optimum conditions for 
a given plastisol propellent mix can be pre- 
determined by routine testing, the necessary 
adjustments in operating conditions can 
readily be made at the transition from "cold" 

40 to "hot" mix. 

In carrying out the process, the "cold*' 
or inert fluid mix P is poured into hooper 
1, and flows under the force of gravity into 
cylindrical barrel 2 of the extruder assem- 

45 bly 3, where screw worm 4, rotated by con- 
ventional motor means 40, engages and 
shears the mix as it is advanced through the 
barrel. The screw worm must not be per- 
mitted any free play which wcuid bring it 

50 into frictional contact with the extruder bar- 
rel wall, since this might cause ignition of 
the propellent mix. To prevent this, the 
forward end of the screw worm is rctatably 
mounted on stub shaft 5, which is, in turn, 

55 attached to spider crown 6. 

Tlje extruder barrel is surrounded by heat- 
ing jacket 7, which can be compartmental- 
ized, as, for example, into three heating 
zones. A, B, and C, as shown, to provide for 

60 the circulation of heating fluid of the same 
or different temperature around (Afferent por- 
tions of the barrel contents. Any suitable 
heating fluid can be used, such as hot oil or 
superheated steam. 

65 The plastisol mix is uniformly heated 



throughout its mass by the frictional heat 
generated by the rotnting screv/ and heat 
picked up by coptact of the material with 
the heated walls of the extruder barrel. The 
temperature of the heating jacket can be *v 
regulated to any desired level relative to the 
amount of heat generated by the rotating 
screw to obtain a fine adjustment of tem- 
perature within the plastisol material. "When 
the cure temperature is reached within the 75 
fluid plastisol mix, solution cf the thermo- 
plastic polymer in the plasticizcr is very 
rapid and the material forms a gel, v/hich is 
soft at the elevated temperature conditions 
within the extruder. In the case of the 80 
polj^inyl chloride plastisols, the cure tem- 
perature is generally in the range of about 
340^ to 350° F. 

Back pressure to ensure adequate working 
of the material by screw worm is produced 85 
by the restricted venting area provided by 
passages 8 in spider crown 6, and by axial 
plug 9, mounted on the forward end of 
crown 6. Di^erent venting areas and, 
therefore, different back pressures, can readily 90 
be provided before extrusion, by the sub- 
stitution of plugs of different maximum cross- 
sectional area. The forward end IC cf 
the flow-restricting plug 9 is preferably tap- 
ered to foster coalescence of the extruding 95 
material as it exits from the extruder into 
die 11. Die 11 is a cylindrical tube, pro- 
vided widt a beating jacket 12 to keep the 
geUed mix in soft, thermoplastic condition 
and, thereby, to ensure coalescence. 100 

The propellent grains can be varied in 
diameter vSthin relatively wide hmits by 
varying the diameter of the die. Diameter 
control by the die is soraev/hat approximate 
because the grain tends to e::pand as it leaves 105 
the die; in an amount which a function of 
the rotational screv/ speed, and then to shrink 
upon cooling. Control within very fine 
tolerances can be achieved, in combination 
with preset die diameter, by varying the rate 110 
of grain tal^-off. To minimize friction 
which might cause undesirable laminar flow 
of the soft, gelled extrudate, the inner sur- 
face 13 of 3ie die is preferably composed 
of a hard, highly polished material, such as 115 
chromium. 

After leaving the die, die column of ex- 
trudate 45 is ready for cooling to its final 
rigid gel state. For fine diameter control, 
it is desirable to measure the diameter of 120 
the extruding column after leaving the die 
prior to cooling. This can be accomplished 
by means of a suitable, preferably non-con- 
tact, measuring de\ice, shown diagrammatic- 
ally at 14, such as a gauge head positioned 125 
over the extrudate between the extruder and 
the cooling trough, which operates by meas- 
uting the diameter of tlie extrudate with a 
phototube detector as it passes between two 
beams of light, and which transmits the sig- 130 
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nals generated to an electrical conversion 
unit 15, which, in turn autoniatically con- 
trols th.e speed of the take-off unit 16. Such 
photoelectric gauges and conversion units are 

5 cooiaieroially avriilablcj e.g. the Micrclimit 
Dismeter Control System manufactured and 
sold by Daystrom, Inc. This or equivalent 
control means correct deviations from the 
desired extrudate diameter by automatically 

10 varying take-off ratios to induce neck down or 
build up of the extrudate as it emerges 
from the extruder die before being cooled 
to a set dimension in the cooling unit. This 
permits dimension control to fine tolerances. 

15 The column of hot eztrudate is then passed 
into a cooling unit 17} shown diagrammatic- 
ally, where it is supported in suitable man- 
ner as on concave rollers 18 and cooled to 
ambient temperature by immersion in a 

20 cooling fluid, such as water 19, whereupon 
it sets into a rigid gel. The water is in- 
troduced from above via water inlet tube 41 
and is removed via overflow 42. 

From the cooling trough, the cooled col- 

25 umn of extrudate is introduced into the 
take-oS unit 16, where two traction belts 
43, driven by conventional motor means, not 
shown, in support housing 44, are positioned 
to grasp and pull it from Ihe die and throu.^h 
the cooling trough at a rate deterxnined by 
the diameter controlling system. The trac- 
tion belts 43 may be withdrawn from or ad- 
vanced toward the extrudate column by 
means of a threaded lead screw 25 connected 

35 by a belt and pulley drive with the motor 
shown in broken lines in Figure lb, the ad- 
vanced and retracted positions of the belt 
being indicated by sohd and broken lines, 
respectively, in Fig^are 3. The product is 

^0 then fed by the take-c^ unit to saw imit 20, 
which cuts it into nredeterminate lengths. 

The cut-off saw can be one of conventional 
type, such as the Emery Automatic Cut-Off 
Saw manufactured by The Vem Emery Co., 

45 which is operated automatically by a system 
of microswitches tripped in sequence. The 
saw unit 20, as shown diagrammatically, 
comprises a moveable table top 46, secured 
to shafts 26 by horizontally shiftable collars 

50 27 to provide ioi support and forward travel 
of tiie saw with the moving column of cooled 
and set extrudate, and saw blade 47, which 
as raised for cutting, and lowered when not 
in use by pneumatic piston 48. Actuation 

55 of the piston for upward movement of the . 
saw for cutting is initiated when the end of 
the extrudate trips a micro-switch on swing 
gate 49 mounted in the path of the extrudate 
colunm forward of the saw at a distance pre- 

60 determined for the desired gram length. 
Actuation of the piston for the upward cut- 
ting stroke in turn actuates clamp 50 to grasp 
the column of advancing extrudate. Unward 
movement of the piston is accomoanied by 

65 some downward reaction movement of the 



piston cylinder, which, in turn, pushes down- 
ward block 28, which is in vertically move- 
able engagement v/ith frame 29 fixed to 
moveable table top 45. Vertical rod 34 is 
attached at its loV/er end to block 28 and 70 
at its upper end to the clamp assembly 50, 
so that downward motion of block 28 simul- 
taneously pulls down rod 34 and brings the 
clamp into engagement with the extrudate. 
As block 28 'moves downward, it comes 75 
into pressure engagement with the lower, 
forwardly moving flight of belt 35 driven by 
motor 36. The clamp is attached to the 
moveable table top by means of e^nide rod 
37, on which it is vertically slidable. The 80 
clamp engaging the forwardly moving column 
of extrudate, aided by the pressure engage- 
ment of block 28 with the forwardlv moving 
flight of belt 35, advances the table top 
anil saw at the rate of extrudate motion 85 
during the cutting cycle, as shown m dot 
and dash position in Figure lb. At com- 
pletion of the upward cutting stroke, micro- 
switch 51 is tripped to actuate the piston 
to commence its downward stroke. The 90 
pston cylinder moves upward, thereby mov- 
ing block 28, rod 34, and clamp 50 upward 
out of clamping engagement with the extru- 
date column. The upward motion of the 
block brings it into pressure engagement with 95 
the upper return flight of belt '35. This 
retracts the table top and saw assembly and 
places it in readiness for the next cutting 
cycle. The electrical connections between 
the automatic actuating mechanisms are con- 100 
ventional and not shown. 

The cut product is then pushed forward 
by the succeeding extrudate to a suitable 
removing means, as, for example, inclined 
rollers 21 which convey it by gravity to a 105 
collecting station. Removal of the cut 
section from the Une resets the swing gate 
49 for the next cutting cycle. 

The use of the inert mix to initiate the 
process permits the presence of personnel HO 
locally to make manual adjustments where 
necessary. When steady process conditions 
are reached, as indicated "by a leveling of 
the process temperatmres and pressures at the 
desired values, the inert material feed into 115 
the hopper is cut ofE and the switch is made 
to propellent feed. 

The propellent plastisol can be fed di- 
rectly into the top of hopper 1. However, 
it has been found that a 'cleaner and more 120 
rapid transition from "cold" to "hot" feed 
can be obtaiped by pumping the propellent 
mix into the hopper through side feed tube 
22, from a tank, not shown, under controlled 
pressure, in such manner that the "hot" 125 
feed vents into the hopper below the top 
level of the inert feed in the hopper. By 
initially setting the propellent feed' rate above 
the requirements of the extruder, propellent 
is forced into the hopper to blodfc "the" entry 130 
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of the inert material remaining in the hop- 
per into the extruder. The propellent 
plastisol mix is allowed to push the 
inert mix to a predetermined level 

5 in the hopper and this level is then main- 
tained hy remote adjustment of the feed tank 
pressure. Initially propellent feed tube 22 
can be filled with inert mix to provide suffici- 
ent time for Dcrsonnel to switch to the pro- 

10 pellent feed and leave the extrusion building 
before the "bot" plastisol reaches the ex- 
truder. Such adjustments as are required 
as, for example, in temperature of the heat- 
ing fluid in the heating jackets of the ex- 

15 trudcr and die to compensate for the differ- 
ent rheological properties of the propellent 
plastisol mix, can then be done remotely. 

Temperature and pressure conditions with- 
in the system can be monitored by strategic- 

20 ally positioned thermocouples 23 and pres- 
sure transducers 24. The entire process 
can be remotely operated, controlled, and 
viewed by known means not shown. 

The propellent extrusion can then be car- 

25 ried on continuously for as long as required 
or nntil the batch of propellent plastisol 
mix provided for the run is exhausted. Runs 
of indefinite length can be made by alter- 
nate feeding from a number c£ propellent 

50 storage tanks. Finished propellent grain 
production as high as 60 to 75 linear feet 
per hour can be obtained by the aforedes- 
cribed process. 

The extrusion run is tcrmmated by cut 

35 ofiE of the **hot" mix feed line with simul- 
taneous reintroduction of the "cold" mix to 
prevent terminal starvation of the screw worm 
and consequent overworking of propellent 
which noight result in explosion. Some 

40 wastage of propellent, of course, occurs at 
the initial and" terminal transition points. 
This, however, is relatively small. 

In the apparatus as described above, the 
propellent grains produced are end-burning. 

45 It win be understood, however, that pro- 
pellent grains of substantially^ any type, so 
long as the individual grain is of substanti- 
ally constant cross-sectional dimension, can 
be made according to our process. Cen- 

50 trally perforated grains can be made, for 
example, simply by axially positioning with- 
in the die along its entire length, a mandrel 
of the desired cross-sectional shape and size 
extending from the forward face of the 

55 flow-restricting crown or plug at or adjacent 
to the exit point of the extrudate from the 
extruder. The cylindrical mandrel 30, 
ishowp in Figure 8, for example, results in 
a cylindrically perforated grain. The lateral 

(iO surface of the grain can also be shaped as, 
for example, to form a grain of cruciform 
cross-(section, by proper shaping of the 
walls of the die. 

Metal wire heat conductors are longi- 

65 tudinally embedded in the matrix of some 



end-burning propellent grains to increase 
their burning rates. Such v/ires can be 
made of any heat conductive ni*tal com- 
patible with the propellent composition, such 
as silver, copper, aluminum, sieel or tung- 70 
seen. In some cases, the v/ires are coated 
with self-oxidant propellent compositions 
having a different burning rate from that of 
the propellent grain matrix cr with an inert 
or non-self-cxidant coating of lower thermal 75 
conductivity dian that of the propellent 
grain matrix as a means for controlling burn- 
ing rate of the grain. Self-oxidant coatings 
having a higher linear burning rate than that 
of the propellent matrix on the metal wires 80 
recult m higher grain burning rates than 
those induced by the bare metal wires alone. 
Inert insulator coatings and self-oxidant coat- 
ings of lesser burning rate than that of the 
grain matrix on the metal wires produce 85 
contrclled grain burning rate between that 
of the grain matrix alcne and that obtained 
with the bare wire. 

A plurality of such metal wires, bare or 
coated, can be continuously introduced, in 90 
the desired number and pattern, while the 
hot, plastic extrudate is passing through the 
shaping die. As shown in Figures 1^, 4, 
and 9, this can be accomplished by intro- 
ducing the wires 31 from spools 54 through 95 
guide tubes 32^ and 32 extending through 
the wall of die 11 into the plastic, gelled 
propeliant flowing there-through and angling 
the guide tubes 32 in the interior of the die 
in the downstream direction so as to align 100 
the wires parallel to the flow of the propel- 
iant. The proper pattern of wire placement 
can be obtained by varying the depth of in- 
sertion and the location of the wire guides 
as shown in Figure 4. Metal fins 33 can 105 
be attached to the downstream edge of the 
guides to provide structural strength to the 
tubes and to streamline the flow of material 
around them. Preferably, the wires are in- 
serted into the die through the guide tubes 110 
before starting the extrusion. The soft ex- 
trudate, as it flows through the die entrains 
the wires and carries them along in proper 
alignment. 

The following describes a specific illus- 115 
trative embodiment of our process. The 
apparatus employed was substantially as 
shown in Figure 1. 

The extrusion was started with an inen 
plastisol slurry having the following com- 120 
position : 

Weight 

KO} 58.9D 
Polyvinyl chloride 8.62 
Dioctyl adipate 10.79 125 

Powdered Aluminum (5 micron) 21.10 
Stabilizer 0.34 
British Detergent^ 0.25 
^Bimodal particle size distribution: 2 parts, 
45 microns; 1 part, 230 microns. 130 
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"A mixture of a pclyfunctional cpoxy com- 
pound and an organic Ea compound in 1 : 1 
ratio. 

^Wetting agent: equal parts of glyceryl 

5 mcnooleate, pentaerythritol dioleate, and di- 
occyl sodium sulfosuccinate. 

Tlie solids were stably and uniformly dis- 
persed in the liquid dioctyl adipate plasti- 
cizer and formed a slurry having a viscosity of 

10 920 poise, which flowed under its own 
weight? The plastisol slurry was poured 
into the top of feed hopper 1 and flowed 
under gravity into extruder 3. The ex- 
truder had an internal diameter of 3.5 

15 inches, and was 40 inches long. The screw 
worm 4 was sufficiently narrow in its maxi- 
mum transverse dimensions to clear the inner 
wall of the extruder barrel and v/as rotatably 
mounted axially on stub shaft 5 to prevent 

20 any scraping against the barrel wall. The 
desired degree of back pressure in the ex- 
truder was provided by axially positioned 
plug 9 of 3.30 inch maximum transverse 
diameter. The extruder was externally 

25 heated by passage of hot oil at 350** F 
through the three heating jacket zones A, 
B, and C. 

The screw was rotated at a speed of 20 
RPM. At this rotational speed combined 

30 with the temperature maintained in the heat- 
ing jacket, temperature of the inert mix 
within the barrel in zone A was 255° F, in 
zone B, 340=* F, and in zone C, 350° F, the 
temperatures in the latter two zones being 

35 adequate to produce solution or gelation of 
the mix. 

The hot, gelled extrudate passed from the 
extruder ^ough the restricted passage pro- 
vided bv plu^ 9 into die 11 whicli was 3.930 

40 inches in' internal diameter, 68 inches l<mg, 
and provided with a polished, chromium- 
plated interior surface.' The temperature 
of the hot oil circulated in the die heating 
jacket 12 was 360** F and the temperature 

45 of the extrudate within the die was 320"* F. 
Twelve silver, 7 mil diameter wires were 
introduced into the soft, gelled extrudate in 
the die via angled tubular wire guides 32, 
in the pattern shown in Figure 4. 

50 From the die, the column of hot extrudate 
passed through the non-contact, photoelectric 
^augehead 14, into cooling trough 17 where 
it was cooled by immersion in water to am- 
bient temperature, through take-off unit 16, 

55 which reeulated take-off speed, by saw assem- 
bly 20 which cut the column into 53 inch 
leneths, and finally to the collecting station. 

The take-off unit was controlled by signals 
from the gaugehead to provide talce-off speed 

60 which rented in an extrudate column dia- 
meter, at exit from the die, of 3.960 inch 
and after cooling, of 3.875 + 0.015' inch. Pro- 
duction rate of the finished product averaged 
27 feet and approximately 250 lbs. per hour. 

^5 When processing conditions employing the 



inert mix had reached a steady state, the 
change-over was made to a propellent plasti- 
sol mix having the same composition as the 
inert mis except that ammonium perchlor- 
ate ill a bimodal particle sizs distribution 70 
consisting of 2 parts of 30 micron size and 
1 part of 170 micron size, was substituted 
for the ICQ. This plastisol had a viscosity 
of 162C poise. The difference in viscosity 
of the "hot" mis from that of the inert mix 75 
is attributed to the different Theological pro- 
perties imparted by NCI and NH^ClOi- The 
"hot'* mix was pumped into the hopper 
through feed line 22, which was initially 
filled with the inert mix to give personnel 80 
time to make the change-over and leave the 
building. The propellent feed line was 
activated while some of the inert mix intro- 
duced from above was still in the hopper, 
at a rate above the screw requirements until 85 
the inert material was forced up to a de- 
sired level by propellent mix flowing in 
below. This provided a head of inert mix 
in the hopper which would be immediately 
available to the extruder at termination of 90 
ihs propellent feed run. The propellent 
feed rate was then adjusted by remote con- 
trol to extruder requirements and extrusion 
continued as aforedescribed for the inert 
composition, with the exception that ex- 95 
trader heating jacket temperature in sections 
Aj B, and C was raised to 390° F, resulting 
in temperatures of the material within the 
barrel fn the corresponding zones of 280° F, 
345'' F, and 345**" F, and the die heating 100 
jacket temperature was raised to 400° F, 
producing an extrudate temperature of 330° 
F. 

The finished propellent grains were well 
consolidated and performed well ballistic- 105 
ally when static fired, as indicated by the 
following data from one such test: 
Average pressure (psi a) 805 
Average thrust (lb"f) ' 240 

Total impulse (Ibf-sec) 8638 110 

Burning time (sec) 38.5 
Nozzle diameter (in) 0.500 
Production rate of the finished propellent 
grains was about 6 grains per hour. Grains 
of this size and composition normally require 115 
about 4 hours each for production by the 
cast moulding technique. 
WHAT WE CLAIM IS: — 
1. A process for making propellent grains 
which comprises introducing into an elon- 120 
gated cylindrical barrel a fluid plastisol con- 
sisting essentially of small, spherical, sub- 
stantially non-porous, solid particles of an 
organic polymer and a finely-divided, solid 
inorganic oxidizer dispersed in a high-boiling, 125 
liquid, organic plasticizer, which dissolves 
said polymer readily only at elevated tem- 
peratures and in which said oxidizer is in- 
soluble, said oxidizer being present in 
amount sufficient to maintain active combus- 130 
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tion of said polycaer; frictionally heating the 
plastisol to the temperature at which the 
polymer dissolves rapidly in the plasticizer 
by producing shearing stresses throughout 
5 the mass of the plastisol while advancing it 
in a helical path through said barrel; passing 
the hot, gelled propellent composition in a 
longitudinal path through a shaping passage 
while keeping said composition in a soft 
10 thermoplastic state; and then cooling said 
shaped composition to form a rigid gel. 

2. A process for making propellent grains 
as claimed in claim 1, in which the plastisol 
is additionally heated by heating the walls 

15 of said barrel. 

3. A process of making propellent grains 
as claimed in claim 1 or daim 2, in which a 
plurality of spaced heat-conductive metal 
wires are introduced into said soft gelled 

20 propellent in a direction parallel to the path 
of flow of the propellent during its travel 
throuiJi said shaping passage. 

4. A process for making propellent grains 
as claimed in any preceding "dalms, in which 

25 the diameter of the column leaving the shap- 
ing passage is controlled by regulating the 
rate of take-off of said column. 

5. A process for malting propellent grains 



as claimed in any preceding claims in which 

a finely-divided metal or other solid fuel is 30 

dispersed in the plasticizer. 

6. A process for making prcpdlent grains 
as claimed in Claim 5, in v/hich the metal 
is aluminium. 

7. The process of each of the preceding 35 
claims in which the polymer is a poljn^inyl 
chloride polymer. 

8. A process for making propellent grains 
as claimed in any preceding claim in v/hich 

the oxidizer is ammonium perchlorate. 40 

9. A process for malting' propellent grains 
as claimed in any preceding daim, in which 
an inert fluid plastisol containing an inert 
insoluble salt is first introduced into the elon- 
gated cylindrical barrel, followed by intro- 45 
dnction of the fluid plastisol containing the 
inorganic oxidizer, without interruption in 
processing. 

10. A process for making propellent grains 
substantially as hereinbefore described with 50 
reference to the accompanying drawings. 

H. D. FITZPATRICK & CO., 
Chartered Patent Agents, 
94, Hope Street, Glasgow, C2, and 
3, Grays Inn Square, London, W.C.I 
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